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Abstract: Atrial fibrillation (AF) is considered to be one of the most prevalent abnormal heart 

rhythm disorders and a leading cause of cerebral ischemia. The risk of stroke in AF is associ-

ated with vascular risk factors including advancing age, hypertension, congestive heart disease, 

diabetes mellitus, vascular disease, and prior history of stroke or transient ischemic attack. The 

classic management of patients with AF at risk of suffering stroke includes the use of warfarin. 

The use of this medication in clinical practice is, however, limited owing to its narrow therapeu-

tic window, multiple drug and food interactions, prolonged half-life, and the need for periodic 

anticoagulation monitoring. Recently, newer oral anticoagulants with better pharmacokinetic 

and pharmacodynamic profiles have been developed and compared to warfarin in phase III trials 

for the prevention of stroke and systemic embolism in patients with AF. Dabigatran stands out 

from these studies as a safe and efficacious alternative to warfarin for treating patients with AF 

at risk of stroke. In this article we review classic and novel approaches for stroke prevention in 

AF with special emphasis on dabigatran.

Keywords: oral anticoagulants, vitamin K antagonists, antiplatelet agents, stroke prevention, 

atrial fibrillation

Introduction
Atrial fibrillation (AF) is the most common arrhythmia seen in clinical practice. In 

the United States, the age adjusted prevalence of AF was estimated at 2.5% in 2000, 

with a higher incidence in males and African Americans.1 The prevalence of AF also 

increases with age and is estimated at 6.0% among Medicare patients $65 years of age 

and 18.2% among subjects $85 years of age.1,2 Population based studies have shown 

an increase in the prevalence of AF over time and it has been estimated that by the 

year 2050, over 12 million adults in the United States will have this condition.1 During 

the past 20 years, hospital admissions for AF have increased by 66%. Finally, AF is 

an expensive disease with costs approaching US$3,600 per patient per year. Thus AF 

has been rightly termed the “epidemic of the new millennium”.3

AF primarily leads to two consequences: a) myocardial and hemodynamic effects 

of the rhythm disorder, leading to a decrease in cardiac output, and b) thromboembo-

lism from left atrial clots formed due to stasis, leading to stroke and systemic arterial 

embolism. These are manifested in the form of an increased risk of stroke by two- to 

seven-fold, a doubling of the risk of dementia, a tripling of the risk of heart failure, and 

a doubling of all-cause mortality.4,5 Management of patients with AF involves control 

of the heart rate or correction of heart rhythm and prevention of thromboembolism. 

Anticoagulation with vitamin K antagonists has been shown to be very effective in 
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decreasing the incidence of thromboembolic complications, 

albeit at the cost of an increase in hemorrhagic complications. 

This has led to an increasing interest in developing alternative 

strategies to prevent thromboembolism, including newer anti-

coagulants such as factor Xa inhibitors and direct thrombin 

inhibitors (DTI).

In this manuscript, we review the association of stroke 

with AF and the role of vitamin K antagonists (warfarin), 

antiplatelet agents, and newer oral anticoagulants, particu-

larly dabigatran, in stroke prevention in AF.

Stroke risk in AF
AF is responsible for about 10% of all ischemic strokes in 

the United States.6 However, this risk is not homogenous and 

is influenced by several factors such as age, sex, hyperten-

sion, diabetes, and heart failure. These risk factors have been 

used to develop several thromboembolic risk stratification 

schemes. The most commonly used in clinical practice is the 

CHADS
2
 (cardiac failure, hypertension, age, diabetes, stroke) 

score where one point is assigned for age .75 years, a his-

tory of hypertension, diabetes, or heart failure and two points 

are assigned for a history of stroke or transient ischemic 

attack.7 A score of zero points indicates low risk (0.5%–1.7% 

year), one point moderate risk (1.2%–2.2% per year), and 

two or more points high risk (1.9%–7.6% per year) of 

thromboembolism.8 There are several limitations of the existing 

risk stratification schemes and their external validity has been 

questioned.9 The CHA
2
DS

2
-VASc (congestive heart failure/

left ventricular dysfunction, hypertension, age $75 years, 

diabetes mellitus, stroke, vascular disease, age 65–74 years, 

sex category) has been developed to overcome some of these 

limitations.10 The postulated advantage of this risk stratifica-

tion system is that it is able to identify truly “low risk” AF 

patients as those with a CHA
2
DS

2
-VASc score of zero who 

may not need any form of antithrombotic therapy, while all 

others can be considered for anticoagulation. The CHA
2
DS

2
-

VASc has been incorporated into the latest European Society 

of Cardiology guidelines.11

Classic therapies
Cardioversion and rhythm control do not significantly reduce 

the stroke risk in AF and, classically, reduction of stroke risk 

in AF has been achieved by the use of oral anticoagulants or 

antiplatelet agents.12

Vitamin K antagonists
Conclusive evidence from several large randomized 

clinical trials has demonstrated that vitamin K antagonists 

(eg, warfarin) are effective in primary and secondary 

prevention of strokes in AF. Treatment with warfarin, 

adjusted to achieve an international normalized ratio (INR) 

between 2.0 and 3.0, leads to a 64% relative risk (RR) reduc-

tion of stroke (95% confidence interval [CI] 49%–74%) 

compared to control, with annual absolute risk reductions 

of 2.7% for primary prevention and 8.4% for secondary 

prevention.13 Compared to aspirin, warfarin leads to a RR 

reduction of stroke of 39% (95% CI 6%–35%). However, 

despite these impressive results, in the real world, only half 

of all high risk patients actually receive warfarin, mainly 

because of a fear of bleeding.14 In most of the major clinical 

trials, the risk of major bleeding on warfarin is around 2% 

per year. Advanced age, labile INR, and concomitant use of 

antiplatelet agents appear to be the most predictive of major 

bleeding on warfarin and several risk scoring systems have 

been developed to assess bleeding risk.15 Thus, while warfarin 

is undoubtedly effective in preventing strokes in AF, it is a 

challenging drug to use in clinical practice. Some of these 

challenges include a variable dose response, interactions 

with medications and diet, need for frequent monitoring of 

the INR, narrow therapeutic window, significant bleeding 

complications, and long half-life. Even in well conducted 

clinical trials, patients are in the therapeutic range only 

two-thirds of the time, and in clinical practice, the time in 

therapeutic range (TTR) is even less. This has spurred an 

interest in developing newer oral anticoagulants.

Recently, a new vitamin K antagonist, tecarfarin, that 

is not metabolized by the cytochrome p450 system and has 

fewer drug interactions than warfarin, has been developed. 

In a phase IIa trial, the mean time in a therapeutic INR range 

on tecarfarin was 71%, compared to 59% on warfarin prior 

to enrollment.16

The American Heart Association/American Stroke 

Association recommends the use of adjusted dose warfarin 

(target INR 2.0 to 3.0) “for all patients with nonvalvular AF 

deemed to be at high risk and many deemed to be at moder-

ate risk for stroke who can receive it safely (Class I; Level 

of Evidence A)”.17 It is also recommended “for patients 

with ischemic stroke or transient ischemic attack with par-

oxysmal (intermittent) or persistent AF (Class I; Level of 

Evidence A)”.18

Single antiplatelet therapy
Aspirin has a modest effect on stroke prevention in AF with 

a RR reduction of 22% (95% CI 22%–52%).13 However, it 

is worth mentioning that the beneficial effect of aspirin is 

largely driven by a single trial (Stroke Prevention in AF – I) 
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where the trial was stopped early and there was internal 

heterogeneity. In the Birmingham AF Treatment of the Aged 

Trial, warfarin was found to be superior to aspirin for stroke 

prevention.19 Doses ranging from 50 mg to 325 mg have been 

studied and seem to offer similar benefits. The American 

Heart Association/American Stroke Association recommends 

the use of aspirin alone “for low-risk and some moderate 

risk patients with AF, based on patient preference, estimated 

bleeding risk if anticoagulated, and access to high-quality 

anticoagulation monitoring” and for “patients unable to take 

oral anticoagulants” (Class I; Level of Evidence A)”.17,18 The 

European guidelines, however, prefer no antithrombotic 

treatment rather than aspirin in low-risk patients (CHA
2
DS

2
-

VASc score of zero) and anticoagulation in patients at a 

higher risk (CHA
2
DS

2
-VASc score of $1).11

Dual antiplatelet therapy
The combination of clopidogrel (75 mg daily) and aspirin 

(75 mg to 100 mg daily) in stroke prevention in AF patients with 

at least one additional stroke risk factor has been studied by the 

AF Clopidogrel Trial with Irbesartan for prevention of Vascular 

Events (ACTIVE) investigators. ACTIVE-W compared this 

regimen with adjusted-dose warfarin (target INR 2.0 to 3.0) 

and found a 44% RR increase (95% CI 18%–76%) in primary 

outcome events (stroke, non-central nervous system [CNS] 

systemic embolus, myocardial infarction, or vascular death) 

compared to warfarin. For stroke alone, the RR increase was 

72% (95% CI 24%–137%). Rates of major hemorrhages were 

similar in both groups.20 ACTIVE-A compared dual antiplatelet 

regimen with aspirin alone in patients deemed unsuitable for 

warfarin. In the dual antiplatelet arm, there was a reduction 

in major vascular events (RR with clopidogrel 0.89, 95% CI 

0.81–0.98), especially stroke (RR with clopidogrel 0.72, 95% 

CI 0.62–0.83), but an increase in major bleeding (RR with 

clopidogrel 1.57, 95% CI 1.29–1.92).21 For patients unable 

to take oral anticoagulants, the American Heart Association/

American Stroke Association primary stroke prevention guide-

lines consider dual antiplatelet therapy as “might be reason-

able”; but the phrase “not recommended” is used in secondary 

stroke prevention guidelines.17,18

Newer oral anticoagulants
Newer oral anticoagulants are being developed to overcome 

several of the challenges posed by warfarin as discussed 

earlier. Several of these new drugs, including DTI and oral 

factor Xa inhibitors, are under assessment in phase III tri-

als for the prevention of stroke and systemic embolism in 

patients with AF.

DTI
Ximelagatran
Ximelagatran was the first DTI to be evaluated in the manage-

ment of AF. In the pooled analysis of two large randomized 

clinical trials comparing ximelagatran with warfarin, the 

rates of major clinical events (combined ischemic stroke, 

hemorrhagic stroke, and systemic embolism) were similar 

in both groups and bleeding complications were lower in the 

ximelagatran group.22 However, the hepatotoxicity associated 

with ximelagatran, including fatal liver injury, led the United 

States Food and Drug Administration to deny approval to 

ximelagatran for stroke prevention.

Dabigatran
Pharmacology
Dabigatran etexilate is a non-peptide prodrug that is rapidly 

absorbed in the stomach and in the intestine. After absorp-

tion, plasma and liver esterases release the active dabigatran 

moiety, a competitive and reversible inhibitor of free throm-

bin, clot-bound thrombin, and thrombin-induced platelet 

activation.23 The time to maximum plasma concentration 

(t
max

) is 1.5 hours, and the maximum effect is observed in 

2 hours.24 The bioavailability is low (3%–7%) but increases 

by 75% if the drug is administered orally without the capsule 

shell.25 A fat-rich meal may prolong the t
max

 by 2 hours but 

does not affect the steady state levels; thus food is not consid-

ered a clinically relevant variable.26 Due to its modest tissue 

distribution and low human plasma protein binding (35%), 

dabigatran is dialyzable and has few displacement interac-

tions. Approximately 86% of the oral dose is eliminated in 

feces and, after intravenous administration, 80%–85% of 

the systemically available drug is excreted intact in urine 

and 10% is metabolized to active acyl glucuronides.27 The 

mean terminal half-life (t
1/2

) is 12–14 hours. The clearance of 

dabigatran is not significantly affected by moderate hepatic 

impairment (Child-Pugh score B), but the t
1/2

, area under the 

curve (AUC) and maximum plasma concentration (C
max

) are 

prolonged in individuals with renal impairment (Table 1).28 

Dabigatran is not an inducer, inhibitor, or substrate of cyto-

chrome 450 isoenzymes; therefore, it does not interact with 

drugs that are metabolized by this system, such as digoxin, 

benzodiazepines, statins, or nonsteroidal anti-inflammatory 

drugs.29 Dabigatran, however, is a substrate of the efflux 

P-glycoprotein system, and significant interactions have 

been described with drugs that utilize this transporter. For 

example, the P-glycoprotein inducer rifampin at a dose of 

600 mg daily for 7 days decreases the AUC and the C
max

 of 

dabigatran by approximately 66% and, thus, the concomitant 
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use of these two medications should be avoided. Conversely, 

P-glycoprotein inhibitors such as amiodarone (600 mg) and 

immediate-release verapamil increase the AUC by 60% and 

150%, respectively.25 These interactions are not clinically rel-

evant and do not require dose adjustment. However, the coad-

ministration of dabigatran and other potent P-glycoprotein 

inhibitors, such as ketoconazole, is contraindicated.30 In 

in vitro tests, dabigatran is not carcinogenic or mutagenic; 

however, decreased implantation, increased number of dead 

offspring, and increased incidence of fetal skeletal variations 

were observed in animal models.31 The effect of dabigatran 

in pregnant or lactating women has not been investigated. 

The potency of dabigatran may be affected by humidity; thus, 

capsules should be kept in the original container or blister 

package minimizing the exposure to moisture. The content 

of the bottle expires 60 days after opening.32

Dabigatran versus warfarin in patients  
with AF – the RE-LY study
The RE-LY (randomized evaluation of long-term antico-

agulation therapy) study was a randomized noninferiority 

study designed to investigate the effectiveness of dabiga-

tran for the prevention of stroke and systemic embolism in 

patients with AF.33 In this study, individuals with nonvalvular 

AF were randomized to adjusted-dose warfarin with target 

INR 2.0 to 3.0 or dabigatran in two fixed doses of 110 mg 

and 150 mg twice daily. The allocation to warfarin or to the 

investigational drug was open label and the assignment to 

the two doses of dabigatran was double blind. Participants 

had nonvalvular AF and at least one additional vascular risk 

factor, including previous stroke or transient ischemic attack, 

systemic embolism, heart failure, age $75 years, or age 

65–74 years and diabetes mellitus, hypertension, or coronary 

artery disease. Major exclusion criteria included severe val-

vular disease, stroke within 14 days or severe stroke within 

6 months prior to screening, high risk for bleeding, active 

liver disease, creatine clearance (CrCl) #30  mL/minute, 

contraindication to warfarin treatment, uncontrolled 

hypertension, need for anticoagulant treatment of disorders 

other than AF, and pregnancy. The primary endpoint was the 

composite of stroke (both ischemic and hemorrhagic) or sys-

temic embolism, and the primary safety outcome was major 

hemorrhage, defined as reduction in hemoglobin of at least 

2 g/dL, the need of transfusion of at least two units of blood, 

or symptomatic hemorrhage in a critical area or organ.

A total of 18,113 individuals participated in this study. 

The median follow-up period was 2 years and more than 

99% of them achieved complete follow-up. The three groups 

were well balanced by baseline characteristics including 

vascular risks factors, type of AF, previous use of warfarin, 

and CHADS
2
 score (mean = 2.1). The annual rate for the 

primary outcome was 1.54% in the 110 mg arm, 1.11% in 

the 150 mg arm, and 1.71% in the warfarin arm.34 Based 

on the noninferiority margin of 1.46 proposed by the study 

group, the 110  mg dose (RR 0.91, 95% CI 0.74–1.11; 

P , 0.001) and 150 mg dose of dabigatran (RR 0.66, 95% 

CI 0.53–0.82; P , 0.001) were noninferior to warfarin for 

the primary outcome.34 In the superiority analysis, only 

the 150  mg dose of dabigatran was superior to warfarin 

(P , 0.001). Both doses of dabigatran had a lower rate of 

hemorrhagic stroke compared to warfarin (P , 0.001), and 

the 150 mg dose – but not the 110 mg dose – was superior 

to warfarin for preventing stroke of all types, ischemic or 

unspecified stroke, disabling or fatal stroke, and death from 

vascular causes (Table 2). Compared to warfarin, the annual 

rate of major bleeding was lower in the 110 mg group (RR 

0.80, 95% CI 0.69–0.93, P = 0.003) and not significantly 

different in the 150 mg group (RR 0.93, 95% CI 0.81–1.07, 

P = 0.31). In addition, both doses had a lower annual rate of 

minor bleeding, intracranial bleeding, and life threatening 

bleeding than warfarin. In secondary analyses, the results 

of RE-LY were not influenced by the previous exposure to 

warfarin or history of stroke or transient ischemic attack.35,36 

Previous studies have shown that AF patients of Asian 

background have a higher rate of anticoagulation-associated 

intracerebral hemorrhage than those of European descent.37 

In RE-LY, however, the efficacy and safety outcomes were 

consistent among individuals of different backgrounds, 

including the Japanese cohort.38 Particular subgroups may 

be at risk of having complications. For example, dabigatran 

exposure is increased in renal impairment and, in RE-LY, 

patients assigned to the 150 mg group had a higher rate of 

myocardial infarction (0.74% versus 0.53%), discontinuation 

due to gastrointestinal bleeding (1.3% versus 0.9%), and 

increased occurrence of gastrointestinal symptoms including 

Table 1 Effect of renal function on pharmacokinetic parameters 
of dabigatran after oral administration of 150 mg

Group (CrCl,  
mL/minute)

Increase  
in AUC

Increase  
in Cmax

t1/2 (h)

Control Reference Reference 13.8
Mild renal impairment  
(#80 to .50)

1.5x 1.11x 16.6

Moderate renal impairment  
(#50 to .30)

3.1x 1.70x 18.7

Severe renal impairment (#30) 6.3x 2.12x 27.5

Abbreviations: AUC, area under the curve; Cmax, maximum plasma concentration; 
CrCl, creatinine clearance; t1/2, mean terminal half-life.
Notes: Data obtained from Stangier et al.28
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pain, vomiting, or diarrhea (2.1% versus 0.6%) than those 

receiving warfarin.28,33 The higher rate of gastrointestinal 

complications observed in the dabigatran group has been 

attributed to its tartaric acid formulation.

The results of RE-LY suggest that dabigatran is an 

alternative to warfarin for the management of patients with 

AF. While the 110 mg dose was safer, the 150 mg dose was 

superior to warfarin in the prevention of stroke and systemic 

embolism. The superiority of dabigatran has, however, been 

questioned. The dose of warfarin is adjusted based on the 

INR, and TTR is commonly used to assess the overall qual-

ity of anticoagulation. In RE-LY, the median TTR was 64% 

which is in agreement with what has been observed in other 

large studies utilizing warfarin.39,40 In a post-hoc analysis 

performed to investigate if the results of RE-LY were influ-

enced by optimal INR control, centers with low TTR had a 

higher rate of major bleeding, all cardiovascular events, and 

mortality.41 These results suggest that local standards of care 

may have influenced some of the outcomes of RE-LY. In 

addition, they indicate that while dabigatran 110 mg twice 

daily may be safer and 150 mg twice daily may be superior 

to warfarin in a large population, this may not be the case 

for an individual patient, particularly in those cases with 

excellent INR control.

The 110 mg dose of dabigatran showed a trend towards 

causing a lower rate of major hemorrhage than the 150 mg 

dose (RR 1.16, 95% CI 1.00–1.34; P = 0.052), suggesting that 

a lower dose may be a better option for individuals considered 

at risk of bleeding, such as the elderly and those individuals 

with impaired kidney function, or for those who bled while 

receiving the higher dose of dabigatran. Subgroup analyses, 

however, showed that the rate of stroke in AF patients $75 

years of age was lower with the 150 mg dose than with the 

110 mg dose (1.4 versus 1.9 per 100 patient-years), but the 

rate of hemorrhage was higher (5.1 versus 4.4 per 100 patient-

years) with a similar risk-benefit ratio. In addition, the rate 

of bleeding in the subgroup of patients with impaired renal 

function (CrCl . 30–50 mL/minute) was similar for both 

doses of dabigatran.42 Furthermore, the rates of additional 

major bleeds across all three treatment groups in subjects 

who had a major bleed and either continued or resumed the 

study medication were similar.31 In this setting, it has been 

argued that it may be unethical to start a naïve patient on the 

lower dose of dabigatran.

Dabigatran is commercially available in the United 

States under the name of Pradaxa® and, based on the results 

of the study RE-LY, it was approved by the Food and Drug 

Administration Cardiovascular and Renal Drugs Advisory 

Committee in September 2010 for the prevention of stroke 

and non-CNS systemic embolism in patients with nonval-

vular AF.31 The approved doses are 150 mg twice daily for 

individuals with CrCl . 30 mL/minute and 75 mg twice daily 

for those with CrCl 15–30 mL/minute. As aforementioned, 

subgroup analyses failed to identify a particular group of 

patients that could benefit from using the lower dose of 

dabigatran. In this setting, the dose of 110 mg twice daily 

did not receive Food and Drug Administration approval to 

be commercialized in the United States for the prevention of 

stroke in AF. Differently, the European Medicines Agency 

and the Canadian health authority, Health Canada, approved 

both the 150 mg and the 110 mg twice daily doses. In Canada, 

the lower dose is specifically available for individuals older 

Table 2 Primary efficacy and safety outcomes of RE-LY

Dabigatran 110 mg 
(n = 6,015) 
%/year

Dabigatran 150 mg 
(n = 6,076) 
%/year

Warfarin  
(n = 6,022)  
%/year

Dabigatran 110 mg  
versus warfarin  
RR (95% CI)

Dabigatran 150 mg  
versus warfarin  
RR (95% CI)

Efficacy
  Stroke or systemic  
  embolism

1.54 1.11 1.71 0.90 (0.74–1.10) P = 0.30 0.65 (0.52–0.81) P , 0.001

Stroke
  Any type 1.44 1.01 1.57 0.92 (0.74–1.13) P = 0.41 0.64 (0.51–0.81) P , 0.001
  Hemorrhagic 0.12 0.10 0.38 0.31 (0.17–0.56) P , 0.001 0.26 (0.14–0.49) P , 0.001
  Ischemic or unspecified 1.34 0.92 1.20 1.11 (0.89–1.40) P = 0.35 0.76 (0.60–0.98) P = 0.03
  Nondisabling 0.50 0.37 0.58 0.86 (0.61–1.22) P = 0.40 0.62 (0.43–0.91) P = 0.01
  Disabling or fatal 0.94 0.66 1.00 0.94 (0.73–1.22) P = 0.65 0.66 (0.50–0.88) P = 0.005
 � Death from vascular  

causes
2.43 2.88 2.69 0.90 (0.77–1.06) P = 0.21 0.85 (0.72–0.99) P = 0.04

Safety
  Major bleeding 2.87 3.32 3.57 0.80 (0.70–0.93) P = 0.003 0.93 (0.81–1.07) P = 0.32
 I ntracranial hemorrhage 0.23 0.30 0.74 0.31 (0.20–0.47) P , 0.001 0.40 (0.27–0.60) P , 0.001

Notes: Data obtained from Connolly et al33 and Connolly et al34.
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than 80 years of age and for those over the age of 75 at risk 

of bleeding.43,44

In light of the effects observed in animal models, the use 

of dabigatran during pregnancy is considered off-label.31 

In 2011, the American Heart Association, the American 

College of Cardiology Foundation, and the Heart Rhythm 

Society updated the practice guidelines for the management 

of patients with AF and incorporated dabigatran as an “alter-

native to warfarin for the prevention of stroke and systemic 

thromboembolism in patients with AF and risk factor for 

stroke or systemic embolization who do not have prosthetic 

heart valve, hemodynamically significant valve disease, 

severe renal failure (CrCl <15  mL/minute), or advanced 

liver disease”.45

Coagulation assays and reversal of dabigatran effect
Unlike classic anticoagulants, dabigatran has a predictable 

pharmacology, a low number of interactions, and does not 

require routine laboratory monitoring. A close correlation 

exists between the anticoagulation effect and the plasma 

levels of dabigatran and, based on the results of the PETRO 

(prevention of embolic and thrombotic events) study, patients 

with AF treated with dabigatran 150 mg twice a day have a 

C
max

 of 184 ng/mL and a concentration before dosing (C
trough

) 

of 90 ng/mL.46 At this dose, dabigatran affects coagulation 

assays typically used in clinical practice; the extent of the 

effect, however, may be influenced by the time of blood 

sampling relative to the administration of the drug.47 The 

prothrombin time (PT) is utilized in clinical practice to evalu-

ate the extrinsic coagulation pathway. Increasing doses of 

dabigatran have been shown to have a linear correlation with 

PT;48 however, this test is considered relatively insensitive to 

determine the plasma activity of dabigatran as therapeutic 

doses result in a modest prolongation in the PT, and suprath-

erapeutic doses cause only a twofold increase in the INR.48 

Conversely, the activated partial thromboplastin time (aPTT) 

assesses the intrinsic coagulation pathway. A therapeutic 

dose of 150 mg twice daily results in a twofold increase in 

the aPTT and the dose-response curve is curvilinear flat-

tening at plasma levels of 200 ng/mL.47 Though this test is 

suboptimal to measure the effect of dabigatran, particularly 

at high doses, a prolonged aPTT time suggests the patient 

has significant circulating levels of the drug and, thus, can 

be used in emergency situations as a qualitative hemostatic 

marker. The thrombin clotting time (TT) and its diluted 

version, the Hemoclot®, measure time to clot formation in 

a sample of plasma incubated in the presence of exogenous 

thrombin. These tests have a very good sensitivity to assess 

the plasma activity of DTI and both have linear dose-re-

sponse curves with therapeutic and supratherapeutic doses 

of dabigatran.49,50 The ecarin clotting time (ECT) utilizes 

ecarin, a purified metalloprotease isolated from the venom of 

Echis carinatus, to convert prothrombin to meizothrombin; 

this is an unstable precursor of thrombin that subsequently 

leads to clot formation. DTI inhibit thrombin-like activity 

and the administration of dabigatran 150  mg twice daily 

has been shown to lead to a two- to four-fold increase in 

the ECT compared to baseline.24,51 The ECT is considered a 

specific DTI test as it is not affected by heparin or vitamin 

K inhibitors. TT, Hemoclot®, and ECT, however, have not 

been standardized or validated in large cohorts and their use 

should be considered largely investigational.

In cases of elective surgery, dabigatran may need 

to be temporarily discontinued. Based on the t
1/2

, the 

manufacturer recommends holding it for 1–2  days 

(CrCl $50 mL/minute), 3–5 days (CrCl ,50 mL/minute), 

or .5 days (CrCl , 30 mL/minute) before the procedure. 

These times may be longer in patients at high risk of bleeding 

or those cases requiring complete hemostasis. If an urgent 

intervention is required, it is advised to delay the proce-

dure at least 12 hours after the last dose of dabigatran.30 In 

emergency circumstances the effect of dabigatran may need 

to be reversed. While DTI do not have specific antidotes, 

the low tissue accumulation and plasma protein binding of 

dabigatran indicate this drug may be dialyzable. In a small 

study including 23 subjects with different degrees of renal 

disease, the mean fraction of the circulating dabigatran 

removed by hemodialysis was 62% to 68%. Studies in animal 

models have shown that the effect of this drug on bleeding 

time and aPTT can be antagonized by recombinant activated 

factor VII (NovoSeven®) or activated prothrombin complex 

concentrate (Feiba VH®).52,53 While promising, further stud-

ies in human subjects are needed to define the efficacy and 

safety of these products in reversing the effect of dabigatran 

in patients with AF.

Cost-effectiveness analysis
The cost-effectiveness analysis of dabigatran versus warfarin 

is complex as both drugs have different drivers. Warfarin is 

a relatively inexpensive medication with once a day dosing; 

however, it requires frequent INR monitoring, has multiple 

drug and food interactions and, in specific cases, may require 

frequent dose adjustments increasing the risk for errors and 

time outside of the target INR 2.0 to 3.0. These factors may, 

at least in part, explain the results obtained in observational 

studies which show that only half of the warfarin-eligible 
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patients are treated with this drug in real life.54,55 In contrast, 

dabigatran is more expensive but easier to utilize as it has a 

fixed dose, no food and few drug interactions, some of which 

may not be clinically relevant, and does not require routine 

laboratory monitoring. In addition, by reducing the rate of 

ischemic and hemorrhagic stroke, dabigatran may reduce 

both direct (eg, inpatient care, rehabilitation, follow-up 

care) and indirect (eg, long-term disability, lost years of 

productivity) costs associated with AF complications.

In a Canadian study, incremental quality-adjusted life 

years (QALYs) and incremental cost effectiveness ratios 

(ICER) were obtained for dabigatran and warfarin in two 

anticoagulation scenarios: “trial-like” and “real-world”. In 

the “trial-like” construct, quality of INR control was based 

on the TTR of 64% observed in RE-LY; in the “real-world” 

model, time spent within or outside of the therapeutic INR 

range was based on the data obtained from retrospective 

observational studies performed in the general public.56 

According to this study, the incremental QALYs and ICER 

in “trial-like” conditions for dabigatran versus warfarin 

were 0.21 and CA$10,440, respectively. In comparison, the 

incremental QALYs and ICER in “real-world” conditions, 

where intensity and quality of anticoagulation are not as well 

controlled as in a trial, were 0.28 and CA$3,962, respectively. 

These estimates suggest that dabigatran is a cost-effective 

alternative to warfarin for the prevention of stroke or sys-

temic embolism in AF patients in Canada. Cost-effectiveness 

largely depends on drug pricing. Compared to the results 

obtained in Canada and based on the cost of dabigatran in the 

United Kingdom, it has been estimated that the incremental 

QALY with dabigatran 150 mg twice daily versus warfarin 

is 0.56 and the ICER US$45,372.57

Factor Xa inhibitors
The results of several promising trials designed to investi-

gate the efficacy of other novel oral anticoagulants in the 

prevention of embolic complications in patients with AF 

have recently been released.

Apixaban
Apixaban is an oral inhibitor of factor Xa that does not require 

frequent INR monitoring and has fewer interactions than 

warfarin. The Apixaban Versus Acetylsalicylic Acid (ASA) 

to Prevent Stroke in Atrial Fibrillation Patients Who Have 

Failed or Are Unsuitable for Vitamin K Antagonist Treatment 

(AVERROES) study was designed to compare the efficacy of 

apixaban (5 mg twice daily) with aspirin (81–324 mg per day) 

in the prevention of embolism in patients with AF who were 

not candidates for treatment with vitamin K antagonists.58 

Patients were eligible to participate in this study if they had 

AF and at least one of the following risk factors for stroke: 

hypertension, age $75 years, diabetes, heart failure, or 

peripheral artery disease. This study was terminated early 

because of a clear benefit in favor of apixaban. The annual 

rate for the primary outcome, defined as stroke or systemic 

embolism, was 1.6% per year for patients receiving apixaban 

and 3.7% per year for patients receiving aspirin (hazard ratio 

[HR] 0.45; 95% CI 0.32–0.62; P , 0.001 for superiority). 

The rates of major bleeding and intracranial hemorrhage were 

similar between both groups, suggesting that apixaban is a 

better alternative to aspirin for the prevention of stroke and 

systemic embolism in patients with AF in whom vitamin K 

antagonists are unsuitable. In light of the results obtained in 

AVERROES, the future role of aspirin in the management of 

AF patients with CHADS
2
 score $1 is uncertain and likely 

to be reduced to a selected subgroup of individuals deemed 

unsuitable for any type of oral anticoagulant.

Rivaroxaban
Rivaroxaban is an oral factor Xa inhibitor that, similar to 

apixaban, does not require laboratory monitoring and has 

fewer drug and food interactions than warfarin. ROCKET-AF 

(rivaroxaban-once daily, oral, direct factor Xa inhibition com-

pared with vitamin K antagonism for prevention of stroke and 

embolism trial in AF) was a noninferiority study designed to 

compare the efficacy of a fixed dose of rivaroxaban (20 mg 

once daily) to dose-adjusted warfarin with an INR target 

2.0 to 3.0 for the prevention of stroke or systemic embolism 

in patients with nonvalvular AF and CHADS
2
 score $2.59 

The preliminary results presented at the 2010 American Heart 

Association Scientific Sessions showed that the rate for the 

primary outcome of stroke or non-CNS systemic embolism 

was 1.71 per 100 patient-years in the rivaroxaban arm and 

2.16 per 100 patient-years in the warfarin arm (HR 0.79; 95% 

CI 0.66–0.96; P , 0.001 for noninferiority).40 The primary 

safety outcome measure, defined as major bleeding and the 

rate of major and non-major bleeding were not statistically 

different among both groups, and the rate of intracranial 

hemorrhage was lower in the rivaroxaban group (HR 0.67; 

95% CI 0.47–0.94; P = 0.019). The results of ROCKET-AF 

showed that rivaroxaban, similar to dabigatran, is safe and 

noninferior to warfarin for the prevention of stroke and 

systemic embolism in patients with AF. It should be noted, 

however, that rivaroxaban was superior to warfarin only in 

the per-protocol analysis but not in the intention-to-treat 

analysis.
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Studies performed in animal models suggest that 

apixaban, rivaroxaban, and dabigatran have similar efficacy 

in preventing venous thrombosis.60 However, the efficacy 

of oral factor Xa inhibitors and DTI in the prevention of 

embolism in patients with AF has not been investigated in 

head to head trials and indirect comparisons are limited due 

to the presence of confounders and methodological differ-

ences among the studies. For example, compared to RE-LY, 

patients in ROCKET-AF had a higher average CHADS
2
 score 

(3.5 versus 2.1) but a shorter TTR (57.8% versus 64%).33,40 

In addition, both studies utilized different inclusion criteria 

and safety outcomes. Two additional phase III randomized, 

double-blind, noninferiority studies are currently underway 

to compare the effectiveness of the oral factor Xa inhibitors 

apixaban (ARISTOTLE; apixaban for reduction in stroke 

and other thromboembolic events) and edoxaban (ENGAGE 

AF-TIMI 48; effective anticoagulation with factor Xa next 

generation in AF-thrombolysis in myocardial infarction 

study 48) to adjusted-dose warfarin with a target INR 2.0 to 

3.0 in the prevention of stroke or embolism in AF.61,62 The 

general characteristics of these trials have been summarized 

in Table 3.

As our armamentarium to prevent stroke and embolism 

in patients with AF continues to expand, physicians may 

Table 3 Trials of new oral anticoagulants in the prevention of stroke in AF patients

Study Design Study  
size

Patients Intervention Outcome
Efficacy Safety

RE-LY33 Dabigatran 
(DTI)

Randomized, open  
label, noninferiority

18,113 AF plus $1 risk 
factor for stroke

Dabigatran 110 mg twice 
daily versus dabigatran 
150 mg twice daily versus 
warfarin (INR 2.0 to 3.0)

Stroke or 
systemic 
embolism

Major bleeding (reduction in 
Hb level $2 g/dL, transfusion 
of $2 units of blood, life-
threatening, or symptomatic 
bleeding in a critical area or 
organ)

ROCKET-AF59 
Rivaroxaban (FXaI)

Randomized, double 
blind, double dummy, 
noninferiority

14,266 AF plus $2 risk 
factors for stroke

Rivaroxaban 20 mg daily 
plus warfarin placebo  
versus warfarin (INR 2.0 
to 3.0) plus rivaroxaban 
placebo

Stroke or 
systemic 
embolism

Major and nonmajor clinically 
relevant bleeding

ARISTOTLE61  
Apixaban (FXaI)

Randomized, double 
blind, double dummy, 
noninferiority

15,000 AF plus $1 risk 
factor for stroke

Apixaban 5 mg twice  
a day plus warfarin placebo  
versus warfarin  
(INR 2.0 to 3.0) plus 
apixaban placebo

Stroke or 
systemic 
embolism

Clinically overt bleeding 
accompanied by $1 of the 
following: reduction in Hb 
level $2 g/dL over 24 hours, 
transfusion of $2 units of 
blood, or bleeding that is fatal 
or occurs in a critical area 
or organ

AVERROES58  
Apixaban (FXaI)

Randomized, double 
blind, double dummy, 
superiority

5,600 AF plus $1 risk 
factor for stroke, 
patients were 
unsuitable to  
receive warfarin

Apixaban 5 mg twice  
a day versus aspirin

Stroke or 
systemic 
embolism

Clinically overt bleeding 
accompanied by $1 of the 
following: reduction in Hb 
level $2 g/dL over 24 hours, 
transfusion of $2 units of 
blood, or bleeding that is fatal 
or occurs in a critical area 
or organ

ENGAGE  
AF-TIMI 4862  
Edoxaban (FXaI)

Randomized, double 
blind, double dummy, 
noninferiority

16,500 AF plus $1 risk 
factor for stroke

Edoxaban plus warfarin 
placebo versus warfarin 
(INR 2.0 to 3.0) plus 
edoxaban placebo

Stroke or 
systemic 
embolism

Clinically overt bleeding 
accompanied by $1 of the 
following: reduction in Hb 
level $2 g/dL over 24 hours, 
transfusion of $2 units of 
blood, or bleeding that is fatal 
or occurs in a critical area 
or organ

Abbreviations: AF, atrial fibrillation; ARISTOTLE, apixaban for reduction in stroke and other thromboembolic events in atrial fibrillation; AVERROES, apixaban versus 
acetylsalicylic acid to prevent stroke in atrial fibrillation patients who have failed or are unsuitable for vitamin K antagonist treatment; DTI, direct thrombin inhibitor; 
ENGAGE AF-TIMI 48, evaluation of the novel factor Xa inhibitor edoxaban compared with warfarin in patients with atrial fibrillation: design and rationale for the effective 
anticoagulation with factor Xa next generation in atrial fibrillation-thrombolysis in myocardial infarction study 48; FXaI, factor Xa inhibitor; Hb, hemoglobin; INR, international 
normalized ratio; RE-LY, randomized evaluation of long-term anticoagulation therapy; ROCKET-AF, rivaroxaban once daily, oral, direct factor Xa inhibition compared with 
vitamin K antagonism for prevention of stroke and embolism trial in atrial fibrillation.
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in the future have the option to tailor the anticoagulation 

approach to each individual case. For example, dabigatran 

may not be the optimal option to treat individuals with severe 

renal disease. Conversely, apixaban and rivaroxaban may be 

more susceptible than dabigatran to drug interactions as their 

pharmacokinetic profiles can be affected by inducers and 

inhibitors of CYP3A4 and P-glycoprotein efflux pump.63

Conclusion
Several new oral anticoagulants have been recently developed. 

The results of RE-LY indicate that dabigatran is a safe and 

efficacious alternative to warfarin for the prevention of stroke 

and systemic embolism in patients with AF. Based on the 

lower rate of embolic events observed in individuals on the 

150 mg dose of dabigatran, physicians may opt to use this 

drug in warfarin-naïve patients, particularly in those with 

unstable INR, limited access to laboratory monitoring, and 

those taking medications that may interact with vitamin K 

inhibitors. The noninferiority of dabigatran compared to 

warfarin in individuals with good INR control has been 

questioned based on the TTR of 64% seen in the RE-LY trial. 

Thus, physicians may consider using warfarin in individu-

als who are stable on this medication and have optimal INR 

control. In addition, the higher rate of myocardial infarction 

and gastrointestinal complications observed in patients 

treated with dabigatran deserves further investigation and 

caution should be exercised in these particular subgroups. 

The results of the completed trials suggest that oral factor 

Xa inhibitors, particularly rivaroxaban, are additional alter-

natives to warfarin for the prevention of stroke in AF. While 

initial results are encouraging, it remains to be seen if these 

agents will be able to replace traditional anticoagulants in the 

treatment of AF. Head to head comparisons between different 

new oral anticoagulants will also need to be performed to 

determine the winner of the race for the most effective and 

safe anticoagulant.
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